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A device for mmmmgM^es^g force in a bolt-mit cn™*^ 

The invention relates to a device for measuring pre-slressing force in a bolt-nut 
rST^ a ~ - iS — ^ * — nLs for sensing £ 
The problem of adjusting and maintaining the oorreet pre-stressing in bolt-nut 

Z2T ST Stongly " * ae ^ ^ ^ — "*"miTa 
complex problem^ as attention must be paid to different, and not ideal mechanL 

boundary conditions. The consciences of an incorree, pre-stressing in bo ts ol" 
structures may be catastrophic, anneal 

b»~H VMi0US S ° 1Uti0nS aPPeared **** 40 Solve me P"* 1 *™. mter alia devices 

ii1ai m :;Tb i8 lt T i>ment of * fferent a c ~ -**^ » * ™ * 

elongation of a bolt by means of strain gauges placed directly on the bolt Another 
solution is to measure me surface pressure between nut and support by means of ^ 
techniques. Inter alia, mere are used mechanical/optical melds Ld different Z 
meters shaped as a spacing washer. umerent stress 

The known solutions function well under relatively ideal conditions but have 
great measunng-technical weaknesses when me boundary conditions change Thet™ 

inverting because of a relatively low rigidity in the construction in case of large 
diameters. In addmon, these solutions have the drawback of having a relative* Z 

buddmg height". This may vary in the range 15-25 mm. Thereby the bolt Z of^Z 
too short and has to be changed. In "narrow" structures it is often ^ ^ ZoZSot 

exn^ft H T. ^ 3,80 mUSt ^ CaMeS °» *e sensors, are ver^ 

exposed to damages and thereby breakdown of the sensors. 

A device of the introductorily stated type is known from DE 1 124 729 This 
pubheation shows a device for measuring pro-stressing forces in a screw comlta 
wherem a machme element designed as a measuring element may be a screw nut In this 

members there ,s placed a sensor element in the form of a piezoelectric crystal device 
means bemg provide* for clamping the nu, members together' I, is here me^estionTf a 
separate sensor measuring the force against the support. 

In this known structure it is a weakness that the lower part of the nut is without 
threads, so mat thread heigh, is loat, as me nu, in mis region is no, J~£Z£Z 
corroding threads on me bolt. Therefore bom nut and bolt must be madt 
higher m order ,o be able to absorb the same (standardized) clamping force. This is an 
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TUs known solution further results in a weakened nut in that there is machined an 
annular groove in whieh the sensor element is placed, and that the nut is spli, into " 

moment so * » *» ^ ^ "ending 

fte structore will ehange, so that a loss of pre-stressing takes place. The result Ts a 
structure having a reduced long-term stability. 

where™ I?"* " * * *** ° f *» i°troductoril y stated type 

wherein the above-mentioned problems and weaknesses are eliminated or substantially 

stated J!" t 0 "!. 6 ™ 8 ^ above - me »«™ ed Ejects there is provided a device of the 
stated type which according to the invention, is characterised in that the nut is of standard 
design and that the nut itself constitutes a sensor body in that, in the outer peripheral 
surface of the nut, a, a chosen distance from the abutting surface of the nut againstle 
m there is machined a. least one recess in which (here is placed a sensor mat is 

to sutss r T" 8 m ^ *- fa * e DUt ' md fOT * ^ representing 

the stress, for transmission to an external recording device. 

The invention will be further described below in connection with an exemplary 
embodiment with reference to the drawings, wherein 

Fig. 1 shows a plan view of a standard hexagonal nut which is provided with a 
device according to the invention: ™' 
Fig. 2 shows a cross-section of the nut along the line H-II in Fig 1 ■ 
Fig. 3 shows a side view of a nut having a convex abutment surface: and 
Fig. 4 shows side view of a nut having a concave abutment surface 
The device shown in Figs. 1 and 2 comprises a nut which in itself constitutes a 
force-measunng sensor body. The shown nut 1 is a hexagonal standard nut wherein a 
number of recesses 3 are machined in the outer peripheral surface of the nut, in which 
recesses there are placed respective sensor elements 4. These are of a type adapted for 
sensing mechanical stiess in the nuf, and for producing a signal representing the stress and 
which m a suitable manner is transmitted to an external recording device (not shown) 
Relevant types of sensor elements win be mentioned further below. 

The number of recesses 3 in the nut will depend on the nut size and the relevant 

l^in™ Preferably ^ ^ S ° *- ^ * *— «W* 
The recesses 3 will be placed at a chosen distance from the abutting surface of the 
nut agamst the support 5, and usually approximately mid-way between the upper side and 
the underside of the nut. As appears from the drawing, the recesses usually have a depth 
corresponding approximately to half the wall thickness of the nut. In the embodiment of 
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Fig. 2, the nut has approximately eight threads 6, and the recesses 3 are shown to be 
surTes^. " *" t0 f ° rth — «" — - W 

By means of this sensor arrangement, the sensors 4 measure only a part of the 
" ^ohanreal s^ess appearing in the nut when tins is tightened on an appurtenant bo« 
^ot shown), winch par. is representative of the total stress in the nut TheXeads, which 
are soft appear such that they equalize dissimilar stress disiribution from the contact 

ZZfJZZL" " '"— - ^ d * varying 

m « ?T bOUndary COnditions > when for the bolt/nut connection join 

soft matenals, and/or m structees wherein the bolts may attain an inclined position in 

co„vT b £ ° f * e h ° le ' * e ° Ut ta ^ • Realty 

convex abutaent surface that is adapted for abutment against a corresponding spherically 
concave surface of e.g., a thin washer which is men used. Alternatively, L Z^t 
^rface of the nu, may be concave, and the surface of the support correspondingly convex 
The mchneti portion of the nu, against the support thereby is straightened, J m JbyT, 
3180 5,1011 a 0356 be PO^le to carry ou, a representative measurement 

nrovi. ffl,d , 4 ^ ° f *" abore - me '»tion«l type. Fig. 3 shows a nut 8 mat is 

pmvided Ml , sphencally convex abutment surface 9, whereas Fig. 4 shows a nut 10 
4at . provtded wxth a spherically concave abutment surface 11. This abutment surface is 
adapted for abutment against a corresponding convex abutment surface 12 on a washer 

By means of such nut embodiments one may absorb bolt disalignments within an 
anglularrangeofforexample±5*. 

In principle, a series of types of sensor elements may be used, for example strain 
gauges ptezoresufcve elements, etc. Normally i, will be very important that one avoids 
connecting ; hues m the fomt of cables for transmitting the sensor signals to me associated 
recording dev.ee, smce such cables will of course complicate and enhance the price of 
mounting/demounting of the nuts. Therefore, in a preferred embodiment, there are used 
sensors m the form of so-called SAW sensors (SAW = Surface Acoustic Wave) having 
tile property of bemg excitable and readable by radio. Each SAW sensor mat is mounted 
atfte bottom of a recess, then will be provided with an appurtenant antenna 7 that may be 

nlnT TT Bd * e ° Uter ° f «"* as "W* 1 * F * * so that 

4. antenna ,s not damaged by tools or other handling. By means of a radio 

tiunsnutter/receiver a, a tuned frequency, energy is transmitted to the sensor which 

responds by a s.gnal representing the stress load in the nut The received signal is treated 
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in the receiver of the recording device, and the pre-stressing of the bolt is shown on a 
display. 

The range of the device will depend on the amount of supplied energy. This is in 
turn dependent on the size of the antenna. In order to obtain a larger antenna, this may 
alternatively be integrated in the top surface of the nut, for example be placed in an 
annular groove in the top surface, something which may give a range of 5-10 meters. 

In those cases where there are several force-measuring nuts in the same region 
and/or several sensor elements on the same nut, the sensor may be arranged on a chip 
provided with a separate ID code and network property, for enabling communication with 
a selection of data from several sensors within the same region. 

Even if it will be a substantial advantage in most applications to avoid connection 
lmes, it may be of interest in certain cases to use cables between the sensors and the 
recordmg device. This may be particularly relevant in connection with large structures 
i.e. m bolt/nut connections of large dimensions, or in applications in surroundings where 
the use of radio signals is not pennitted. 



